A thorough study of initial-rate data has been made on carbamoyl phosphate synthetase from bovine liver. On the basis of the results the order of substrate binding to the enzyme is ATPMg followed by HCO3-, ATPMg and NH4+. A model for the enzymic mechanism is proposed, and the rate equations describing it are presented. Details of the derivation of the initial-rate equation for the kinetic mechanism proposed have been deposited as
Preparation ofcarbamoylphosphate synthetase
Carbamoyl phosphate synthetase was purified from bovine liver as described elsewhere (Elliott & Tipton, 1973) by a modification of the method of Guthohrlein & Knappe (1968) . All enzyme preparations used had specific activities of between 0.8 and 1.5units/mg of protein (1 unit equivalent to the production of 1 umol ofADP/min at 30°C) and contained less than 1 % ATPase* (EC 3.6.1.3) and adenylate kinase (EC 2.7.4.3) activity.
Assay of enzyme activity
Carbamoyl phosphate synthetase activity was assayed by coupling ADP formation to NAD+ formation with pyruvate kinase and lactate dehydrogenase . The assay system contained enzyme, 20,ug of pyruvate kinase, 20Opg of lactate dehydrogenase, 2.5niM-phosphoenolpyruvate and 0.2mM-NADH with the requisite concentrations of NH4Cl, ATP, MgSO4 and KHCO3 in 50mM-glycylglycine adjusted to pH7.6 with KOH. The assay mixture was preincubated for 5min in a 30°C water bath to allow the temperature to equilibrate and any endogenous pyruvate and ADP to be removed. The reaction was started by addition of N-acetyl-L-glutamate (adjusted to pH7.6 with KOH) to give a final volume of 1 ml. Formation of NAD+ was followed spectrophotometrically by the decrease in absorbance at 340nm with a Gilford 240 spectrophotometer connected to a Rikadenki * Abbreviation: ATPase, adenosine triphosphatase.
10-in (25 cm) chart recorder (giving a maximum useful full-scale deflexion of 0.02 absorbance unit). The spectrophotometer cuvette holder was water-jacketed at 300C. The amounts of ATP and MgSO4 required to give known concentrations of ATPMg complex and free Mg2+ were calculated on the basis of stability constants determined under the assay conditions.
The values of the stability constants, determined by using 8-hydroxyquinoline (Burton, 1959) 
Results
Initial-rate data were obtained for each substrate (including N-acetyl-L-glutamate and Mg2+ as 'substrates') at various concentrations of the other substrates. Initially the non-variable substrates were kept at concentrations well above the previously determined Km values (Kerson & Appel, 1968) (Fig. 8) . This pattern is indicative of a mechanism where ATPMg binds to the enzyme after Mg2+, which binds to the enzyme in equilibrium (see, e.g., Cleland, 1970 N-acetyl-L-glutamate and NH4+ (see, e.g. Elliott & Tipton, 1974a (Fig. 12) . Non-linear reciprocal plots with respect to ATPMg have been observed previously by and might be expected because of the stoicheiometry of the reaction (see, e.g., Elliott & Tipton, 1974a) . When ATPMg was varied in the absence of NH4+, ADP formation still occurred Elliott & Tipton, 1974a The random-order segment may be assumed to be in equilibrium as Since this equilibrium binding does not appear to be destroyed by high concentrations of HC03-it is reasonable to postulate a steady-state isomerization step between the binding of ATPMg and HC03-(see Elliott & Tipton, 1974a The initial-rate equation for the proposed mechanism has been obtained by using the method of Cha (1968) N-acetyl-L-glutamate and Mg2+ are saturating (i.e. at such high concentrations that all terms containing their concentrations become negligible, cf. Cleland, 1970 ) the equation may be reduced to:
Other authors seem to have considered a study involving all substrates and activators to be too complex, and so have kept at least one substrate and (Tipton, 1974) . The conditions were identical with those used in Fig. 9 except that a lower range of ATPMg was used. The only other kinetic analysis of mammalian liver carbamoyl phosphate synthetase was performed by Kerson & Appel (1968) Kerson & Appel (1968) .] The explanation of this phenomenon is that both ATPMg and free Mg2+ are required by the enzyme and the concentrations of the various species are related by the equation:
Thus at low concentrations of total ATP and Mg2+ only a small proportion of the total ATP will be in the form of ATPMg and there will also be a low concentration of free Mg2+. As the total concentrations rise then so do the proportion of the total ATP as ATPMg and the concentration of free Mg2+. Fig. 16 shows the expected curves when plotting v against ATP with equimolar ATP and Mg2+ with a value of 60000M-1 for the ATPMg stability constant, 0.7mM forK.TPME andO.5mequiv./lforK .2+ (obtainedfrom Fig. 8 ). This ignores the facts that Mg2+ will bind to the buffer [phosphate was used by Kerson & Appel (1968) ] and that free ATP may inhibit the reaction, both factors tending to make the curve more sigmoid.
The most extensive kinetic investigation of carbamoyl phosphate synthetase previously undertaken was carried out by on the frog liver enzyme. There do appear to be some differences between the frog and bovine liver enzymes in that frog liver carbamoyl phosphate synthetase appears to be inhibited by NH4+ at low ATPMg concentrations and reciprocal plots against ATPMg were non-linear even in the absence of NH4+. However, it would appear that their task of proposing a kinetic mechanism would have been considerably eased if the effects of variations in HC03-concentrations had also been studied.
The mechanism that has been proposed in the present paper is the simplest one that is fully consistent with the results obtained. Any more complex model would involve the postulation of various abortive complexes or significant contributions to the overall rate by partial reactions.
Supplementary information
Details of the derivation of the initial-rate equation for bovine liver carbamoyl phosphate synthetase that is given in this paper have been deposited with the British Library, Lending Division (formerly the National Lending Library for Science and Technology), Boston Spa, Yorkshire LS23 7QB, U.K. for storage (supplementary Publication SUP 50032).
